In this paper, some new and efficient algorithms are described for dynamic analysis and recognition of cell-cycle screening based on morphological structures. The series of morphological structural points are described. The morphological structural models are approached, and they can be used for shape analysis and recognition of different cell phases.
Introduction
In order to assist scientists to understand the complex process of cell division or mitosis [1] - [5] , analysis of cell-cycle screening by automated fluorescence microscopy is used. An essential task for cell-cycle screening is to measure cell cycle progression (inter phase, prophase, metaphase, and telophase) which can be identified by measuring nuclear changes. The most difficult task of such analysis [6] - [8] is finding different stages which can be presented by nuclear size and shape changes during cell mitosis. For example, the nuclear migration during cell division is shown in Fig. 1 . An adaptive logical method for binarization [13] is used to separate binary cell images in cell-cycle screening. They are shown in Fig. 2 . The description of image contour plays an important role for the shape analysis and recognition of image. line segment, critical points and their convexity and concavity are useful features to analyze the shape of image contour. Many methods and algorithms are developed for the description of contours in the past [9] - [12] . However, these descriptions cannot form series of sets, or the inter contour of a binary image can not be processed based on these algorithms [11] , which make the analysis and understanding of contour shape difficult. Also, no one uses difference code to describe and extract these series of features. The methods proposed in this paper can make it possible. Some useful morphological structures of cell images are are described in Section 2. Analyzing and recognizing shape and size of cells in different phases are discussed in Section 3. Finally, a conclusion is given.
The morphological structure of different cell phases

Preprocessing of cell images
The binary contours of cell images of different phases (see the bottom-left cells in Figs.2(1-8) ) can be followed based on binarization cell images, and shown in Figs. 3 (1) (2) (3) (4) (5) (6) (7) (8) respectively. Let the starting point of an binary image be the upper-left corner. Freeman code is used, and the contours are 8-connected. The direction of contour following is counter clockwise.
The chain code set of contour k is represented as: 
(5) (6) (7) (8) Figure 1 . One example of cell-cycle screening.
(1)
(5) (6) where i is the index of the contour pixels. The difference code, d i , is defined as:
In smooth followed contours, |d i | equals 0 or 1 [12] . The smoothed contour can be converted to a set of lines which consist of ordered pixels. Suppose that the direction chain code set of the smoothed contour is
where ln is the ln-th line of a smoothed contour and n ln l is the number of points of the ln-th line. A linearized line has the following property: [12] if
Therefore, a linearized line contains only two elements whose chain codes meet Equation (5) . Two element codes of the linearized line are represented by cdir1 and cdir2 respectively [12] . The contours in Figs. 3 (1-8) are followed smoothly and linearized. They are shown in Fig. 4 where the spurious points in contours are removed and character "Y" is the first point of each linearized line.
Structural points of smoothed contours
The structural points are some special points which can be used to represent convex or concave change in the [ln] , is a concave point which is represented with "m". Similar to Definitions 1-2, other structural points can be defined and found. These points are convex points "v", "[', ")", "F", "o", "T", "s", and concave points "$", "]", "(", "f", "O", "t" and "S" which are shown in Fig. 5 respectively. These structural points describe the convex or concave change in different chain code directions along the contour, and they can therefore be used to represent the morphological structure of contour regions. We can see that though the representing shape of structural point "∧" is same that of structural point "v", but they are different. The structural point "∧" describes convex shape, but "v" concave. Such a property is useful for shape description. The series of structural points of cell images (see Fig. 4 ) can be found and shown in Fig. 6 based on the above algorithm (see the patterns in Fig. 5 ). For the outer contour in Fig. 6 (1), the series of structural points is:
It is clear that the contour shape is convex polygon, where it can be approximately defined as a ellipse. For the outer contour in Fig. 6(7) , the series of structural points is:
It is clear, that the above contour shape consist of of two pairs of convex and concave change.
Dynamic analysis and recognition of different cell phases
In order to detect the morphological structures of cells, it is necessary to recognize the cell shape of different cell phases. We can see that there mainly two classes of cell shapes, ellipse and barbell, for our cell screening. The ellipse shapes can be three types, skew, horizontal and vertical based on relation between their major and minor axes. It is clear that here "skew", "horizontal" and "vertical" are fuzzy. Some recognition models of cell shapes can be described as following based on their morphological structures: If a cell shape is a ellipse, there are no concave structural points on the outer contour of the cell contour. Furthermore, four models of ellipse can be described as following. Calculate number of group of codes, (codes 0, 4, 5 and 1), (codes 5, 1, 2 and 6), (codes 6, 2, 7 and 3), (codes 7, 3, 0 and 4), on the outer contour of the cell image contour respectively.
Morphological model 1:
Ellipse shapes e (5, 1, 2, 6) and e (6, 2, 1, 5) . For these shapes, the number of group of codes, (codes 5, 1, 2 and 6), is largest. Let c 5,6,1,2 be the total number of codes 5, 6, 1 and 2, c t be the total number of all codes, c 5,1 be the total number of codes 5 and 1, and c 6,2 be the total number of codes 6 and 2, on the outer contour of the cell image respectively. If (1) the above Condition is met; (2) its outer contour mainly consists of chain codes 5, 6, 1 and 2 (c 5,6,1,2 ≥ 1 2 c t ); (3) the number of chain codes 5 and 1 is more than that of chain codes 6 and 2 (c 5,1 ≥ c 6,2 ), then the cell image shape is recognized as the shape e (5, 1, 2, 6) , otherwise (c 5,1 < c 6,2 ) the cell image is recognized as the shape e (6, 2, 1, 5) . In this model, the cell image shape, e (5, 1, 2, 6) , is a skew ellipse in the direction of code 5 or 1, and the cell image shape, e (6, 2, 1, 5) , is a vertical ellipse mainly.
Morphological model 2:
Ellipse shapes e (7, 3, 0, 4) e (0, 4, 3, 7) . For these shapes, the number of group of codes, (codes 7, 3, 0 and 4), is largest. Let c 7,0,3,4 be the total number of codes 7, 0, 3 and 4, c t be the total number of all codes, c 0,4 be the total number of codes 0 and 4, and c 7,3 be the total number of codes 7 and 3, on the outer contour of the cell image respectively. If (1) the above Condition is met; (2) its outer contour mainly consists of chain codes 7, 0, 3 and 4 (c 7,0,3,4 ≥ 1 2 c t ); (3) the number of chain codes 7 and 3 is more than that of chain codes 0 and 4 (c 7,3 ≥ c 0,4 ) , then the cell image is recognized as the ellipse shape e (7, 3, 0, 4) , otherwise (c 7,3 < c 0,4 ) the cell image is recognized as the shape e (0,4,3,7) . In this model, the cell image shape, e (7, 3, 0, 4) , is considered as a skew ellipse in the direction of code 7 or 3, and the cell image shape, e (0,4,7,3) , a horizontal ellipse.
Morphological model 3:
Ellipse shapes e (6, 2, 7, 3) and e (7, 3, 2, 6) . For these shapes, the number of group of codes, (codes 6, 2, 7 and 3), is largest. Let c 6,7,2,3 be the total number of codes 6, 7, 2 and 3, c t be the total number of all codes, c 6,2 be the total number of codes 6 and 2, and c 7,3 be the total number of codes 7 and 3, on the outer contour of the cell image respectively. If (1) the above condition is met; (2) its outer contour mainly consists of chain codes 6, 7, 2 and 3 (c 6,7,2,3 ≥ 1 2 c t ); (3) the number of chain codes 6 and 2 is more than that of chain codes 7 and 3 (c 6,2 ≥ c 7,3 ), then the adjunctive segment is recognized as the ellipse shape e (6, 2, 7, 3) , otherwise (c 6,2 < c 7,3 ) the cell image is recognized as the shape e (7, 3, 2, 6) . . Based on the above recognition models, the cell image in Fig. 6 (1) is recognized as shape e (6, 2, 7, 3) , the cell images in Figs. 6(2-3) are recognized as shape e (6, 2, 5, 1) and the cell images in Figs. 6(5-6) is recognized as ellipse shape e (0, 4, 3, 7) . Morphological model 5: Barbell shapes. If (1) there are two concave structural changes; (2) there is one pair of corresponding concave structural points, "∧" and "$" (horizontal), "]" and "(" (vertical), "f" and "O" (skew), or "t" and "S" (skew), then cell image contour can be recognized as the barbell shape. There are four types of barbell shapes which can be defined based on which pair of concave structural points is found. The cell image contour in Fig. 6(7) can be recognized as a barbell shape, and its pair of corresponding concave structural points are structural points "]" and "(". Also, other morphological structures of cell images can be described. For these morphological structures of cell images, their structure size information is considered, and each type of shape can be fined. For example, different ellipses can be recognized based on the rate between major and minor axes, and number of contour points of cell image. Similarly, other morphological structures of cell images in cell-screen can be constructed. Based on the above models, morphological structures of different cell phases can be analyzed as follows: (1) if (a)the cell shapes are a ellipse shape; (b) the number of points in cell outer contour is large enough (threshold can be found from statistical analysis), then the cell is a normal changing one and its changing trend is that the rate between major and minor axes of the cell image is decreased with time (metaphase). (2) if the rate between major and minor axes of the cell image is large enough (threshold can be found from statistical analysis), then the cell will be split soon (telophase). (3) if the cell shapes are a barbell shape, then then the cell will be split (telophase). (4) if (a) the cell shapes are a ellipse shape; (b) the rate between major and minor axes of the cell image is about 1:1; (c) the number of points in cell outer contour is little enough (threshold can be found from statistical analysis), then the cell is a newly changing one, and its changing trend is that the number of points in cell outer contour is increased with time (prophase). Based on the above analysis, the cells in Figs. 6 (1) (2) (3) (4) (5) are at metaphase, the cells in Figs. 6(6-7) are at telophase soon, and the cells in Fig. 6(8) are at prophase. In this way, cell-screening can be analyzed and recognized dynamically and automatically.
Morphological model 4:
Conclusion
An efficient and new method has been developed for dynamic analysis and recognition of cell-cycle screening based on morphological structures. The algorithm of extracting structural features (structural points) is described based smooth followed contour, linearized line and difference chain codes. The morphological structures of cell contour shapes are constructed based on the structure points, difference chain code of linearized line and geometry fea-tures. The dynamic analysis and recognition of cell-cycle screening are approached based on morphological structure models and prior knowledge of cell images. The Compare our algorithm with other methods [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , the best useful contribution is that some series of structural features of linearized lines of contours are found and morphological models of cell contour shapes are described based on our algorithm, but other methods not. Our method is efficient and new because morphological structure models of cell images are constructed, and these models simulate artificial intelligence.
